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Abstract
Littered debris along roadways traps and kills small vertebrates. In Nebraska, at least 20 species of small mammals are small enough
to enter openings of discarded bottles and cans. We surveyed roadsides for littered bottles and cans containing vertebrate remains
in central parts of the state. We observed 459 bottles and 278 aluminum cans along 17.6 km of roadsides in Nebraska. Littered bottles contained 41 vertebrate remains representing nine taxa of small mammals. Glass bottles contained the majority of individuals,
plastic bottles had a few individuals, and no vertebrate remains were detected in aluminum cans. Harvest mice (Reithrodontomys
spp.) were the most frequently observed taxa trapped in bottles, followed by short-tailed shrews (Blarina spp.). Remains of a juvenile Hispid Cotton Rat (Sigmodon hispidus) in a glass bottle suggest that more species are at risk when individuals are young. Bottles with openings higher than their base contained more vertebrates (21.1%) than those lying flat (3.8%) or those with openings
facing downward (1.2%). Overall, about 5.7% of bottles had vertebrate remains in Nebraska, which is slightly greater than studies
in the eastern United States. Densities of littered bottles were much lower along roads in Nebraska than roadways in the eastern
United States, resulting in fewer mortalities per km. Human population density appears associated with littered debris, thus numbers of vertebrates killed in these roadside hazards likely is greater in eastern Nebraska and near population centers where most of
the state’s population reside. In Nebraska, six species of small mammals are species of conservation need, and thus, at risk from littered debris. Reduction and removal of litter along roadsides not only is aesthetically pleasing, but it can also reduce mortality of
small mammals and other animals, such as small insects.
Keywords: Aluminum cans, bottles, debris, glass bottles, litter, littering, Nebraska, roads, roadside ditches, rodents, shrews, small
mammals
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Introduction
It is easy to understand how human activities, such as
construction of roads, conversion of prairies for agricultural development, and expansion of urban areas, negatively affect animals and their habitats (e.g., Samson
and Knopf 1994, Forman and Alexander 1998, Gibbs and
Shriver 2002, Keller and Largiadèr 2003, Glista et al. 2009,
Perkl et al. 2018, Taylor-Brown et al. 2019). Other actions
by humans, however, have less visible impacts on animals and their habitats (Krutilla 1967, Rochman et al.
2016). Littered debris, a common form of pollution, occurs when human-made objects are discarded improperly, with some of these items persisting in environments
for long periods (Brannon et al. 2010). Littered debris is
known to negatively affect various groups of vertebrates,
including birds (Gall and Thompson 2015), fishes (Gall

and Thompson 2015), reptiles (Dreier et al. 2015a, Gall
and Thompson 2015), amphibians (Benedict and Billeter
2004), and mammals (Pagels and French 1987, Benedict
and Billeter 2004). Although litter comes in many forms,
discarded bottles are a common type that accumulate in
roadside right-of-ways in the United States and other
countries (e.g., Debernardi et al. 1997, Benedict and Billeter 2004, Kolenda et al. 2018).
Discarded glass and plastic bottles have been known
to kill small vertebrates for decades (Morris and Harper
1965, Clegg 1966). Littered bottles effectively act as pitfall traps. Small mammals likely enter bottles to search
for food, water, and burrows, as well as to explore (Morris and Harper 1965, Gerard and Feldhamer 1990). Once
inside, individuals are unable to escape due to slick inside
surfaces and increasing slope of the narrowing neck (Morris and Harper 1965). The most fatal position for small
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mammals occurs when bottles lie on a hill, with openings higher than the bottoms (Benedict and Billeter 2004,
Hamed and Laughlin 2015). However, bottles also can
be fatal when lying flat (Morris and Harper 1965, Benedict and Billeter 2004). Discarded bottles are such effective
traps for some species and are sufficiently abundant in
some areas, that searching for discarded bottles has been
used to delineate distributions of shrews and other small
mammals (Morris and Harper 1965, Pagels and French
1987, Dreier et al. 2015b).
In Nebraska, about 20 species of small mammals can
be trapped in littered bottles on the basis of their small
size (< 60 g), including 6 species of shrews and 14 rodents (Jones 1964, Genoways et al. 2008). No prior study
has examined the extent of mortality for vertebrate species entrapped in littered bottles in the Great Plains. The
objectives of this study were to examine the prevalence
of debris with vertebrate remains along roadsides, determine which species are most susceptible to being trapped
within littered bottles and cans, and identify characteristics of debris most fatal to small vertebrates in central
Nebraska.
Methods
From May to July 2009, we searched for and counted
discarded bottles and aluminum cans along roadside
right-of-ways in nine counties (Buffalo, Cherry, Custer,
Dawson, Furnas, Hall, Harlan, Kearney, and Lincoln)
throughout central Nebraska. We only searched each
area once during the study. We visually detected most
bottles and cans but also detected bottles with our feet
in areas with dense grass or leaf cover (Benedict and Billeter 2004). We mainly focused efforts in roadsides associated with upland grasslands because low-lying areas
generally contained tall vegetation during this summer
period, preventing us from locating littered debris. We
recorded the position of bottles and cans that contained
vertebrates as flat (0 to <10°), kill (>10° and opening upward), or down (>10° and opening downward), as well
as size (12 oz, 32 oz, or other), material (glass or plastic),
color (clear, white, or brown), slope of roadside (steep,
moderate, none), and dominant vegetation (grass, shrub,
or wooded). We recorded the number of bottles with attached lids, although these bottles were not included
herein unless specifically stated. For bottles, we did not
identify material (i.e., glass or plastic) for those that did
not contain vertebrates. Crania and mandibles of small
mammals were identified to the lowest taxon possible

using various taxonomic keys (Carraway 1995, Genoways et al. 2008). Representative voucher materials were
deposited in the natural history collection at the Sternberg Museum of Natural History, Fort Hays State University, Hays, Kansas, USA. Following Benedict and Billeter (2004), we broke glass bottles to prevent further
mortalities along roadways.
Results
We observed a total of 459 bottles without lids from
searching 17.6 km of roadside right-of-ways, with an
average of 26 bottles/km (Tables 1 and 2). We detected
an additional 90 bottles with lids for an overall total of
31.2 bottles/km. Of total bottles without lids, 69% were
roughly flat, 18.6% were lying at an angle with the opening facing downward, and 12.4% had bottle openings facing upward in the kill position (Table 1). We observed 278
aluminum cans, with 75.9% lying flat, 13.7% facing downward, and 10.4% facing upward (Table 1).
No aluminum cans contained vertebrate remains. A
total of 5.7% (n = 26) of bottles had vertebrate remains,
representing 41 individuals of nine taxa of small mammals (Table 2), which equates to 2.3 vertebrate mortalities per km of roadway. Of those with remains, 24 were
glass bottles whereas two were plastic bottles (Table 2).
Bottles with openings higher than their base contained
more vertebrates (21.1%) than those flat (3.8%) or facing
downward (1.2%). Bottles with vertebrate remains were
observed in all three roadside habitats (woods, shrubs,
and grass), as well as roadsides that were flat, moderately
steep, and steep. The most vertebrates documented in a
single bottle was four, three Elliot’s Short-tailed Shrews
(Blarina hylophaga) and one mouse (Peromyscus spp.), on
a wooded slope in Harlan County. Although not quantified, a number of bottles also contained insects and other
invertebrates (flies, beetles, isopods, spiders, snails, and
crickets), with some containing tens to hundreds of beetles, including many carrion beetles (Nicrophorus spp.),
although none were identified as endangered American
Burying Beetles (Nicrophorus americanus).
Although not the original purpose of this research, we
documented two county records based on remains discovered in littered bottles. We discovered a Least Shrew
(Cryptotis parva) from Dawson County (Nebraska Hwy
47, Hiles Canyon, 7.3 km S Interstate 80, 40°50.829ʹN,
100°09.966ʹW) and a Northern Short-tailed Shrew (Blarina brevicauda) from Kearney County (County Road W,
1.5 km W Hwy 44, 40°39.265ʹN, 99°06.238ʹW).
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Table 1. Number, position, color, material, and size of littered bottles observed along roadways in Nebraska with vertebrate remains.
Bottle positions include flat (bottles with < 10° slope), kill (bottles with opening facing upward and on > 10° slope), down (bottles with
opening facing downhill at > 10° slope). n = 25 for littered debris (bottles) with vertebrates. We failed to note characteristics of one
bottle in notes, so total bottles equals 458.
Characteristics

# bottles

% bottles

# cans

% cans

Flat
316
69.0%
211
75.9%
Kill (up)
57
12.4%
29
10.4%
Down
85
18.6%
38
13.7%
TOTALS
458		
278		
Debris w/vertebrates
# items
% items		
Position				
Flat
12
48
0
0
Kill
12
48
0
0
Down
1
4
0
0
Color				
Brown
15
60		
Clear
9
36		
Whitea
1
4		
Material				
Glass
23
92		
Plastica
2
8		
Aluminum cans
0
0		
Size				
12 oz (360 ml)
20
87%		
32 oz (960 ml)
1
4.3%		
othera
2
8.7%		
not recorded
2
N/A		
a Included

one 750 ml bottle and one plastic white radiator overflow bottle/container ~ 10 cm by 15 cm.

Table 2. A survey of littered bottles and cans along roadsides in various counties in Nebraska, including numbers of vertebrate
remains in them. Numbers for bottles do not include those with lids. Numbers of cans were not recorded in three counties.
Buffalo Cherry

Custer

Dawson

Furnas

Hall

Harlan

Kearney

Lincoln

TOTALS

km surveyed
0.9
2.32
1.24
3.1
2.9
0
2.62
2.3
2.22
17.6
Total bottles
23
107
5
24
11
1
84
127
77
459
Total aluminum cans
39
-9
91
29
-36
-74
278
Bottles with vertebrates
3
1
0
2
1
1
5
8
5
26
Hours walked
2
4
1.5
6
2
-4.33
7
5.17
32
										
Species of vertebrates										
Blarina brevicauda
0
1
0
1
0
0
0
1
0
3 (7.3%)
Blarina hylophaga
0
0
0
0
0
0
4
0
2
6 (14.6%)
Cryptotis parva
0
0
0
1
0
0
0
0
1
2 (4.9%)
Microtus ochrogaster
0
0
0
0
1
0
0
0
0
1 (2.4%)
Microtus pennsylvanicus 0
0
0
0
0
1
0
2
0
3 (7.3%)
Peromyscus leucopus
0
0
0
0
0
0
1
0
0
1 (2.4%)
Peromyscus spp.
0
0
0
0
0
0
2
1
2
5 (12.2%)
Reithrodontomys spp.
3
0
0
0
0
1
2
6
3
15 (36.6%)
Sigmodon hispidus
0
0
0
0
1
0
0
0
0
1 (2.4%)
Sorex cinereus
0
0
0
0
0
1
0
3
0
4 (9.8%)
TOTALS
3
1
0
2
2
3
9
13
8
41
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Discussion
Four species of shrews occur in central Nebraska (Family Soricidae; Jones 1964, Genoways et al. 2008), and we
documented each of these species in roadside litter. Three
of the four species previously were documented in littered bottles in the eastern United States (Benedict and
Billeter 2004, Brannon et al. 2010). Documentation of Elliot’s Short-tailed Shrew represents the first observation
for this species in such a trap (Thompson et al. 2011). Although only 36.6% of fatalities were shrews in our survey,
studies in eastern parts of the United States demonstrate
that shrews compose a majority of fatalities in littered bottles (Pagels and French 1987, Gerard and Feldhamer 1990,
Benedict and Billeter 2004, Brannon et al. 2010, Brannon
and Bargelt 2013, Hamed and Laughlin 2015). For example, three shrew species composed 76.7% of fatalities in
Virginia (Benedict and Billeter 2004), three species composed 83.2% in Tennessee (Hamed and Laughlin 2015),
and four species composed 90% in North Carolina and
Georgia (Brannon and Bargelt 2013). We primarily focused searches in open upland habitats to facilitate locating bottles during warm-season months, which is not
an ideal season to search because vegetation obscures littered debris (Pagels and French 1987, Gerard and Feldhamer 1990). We suspect that shrews would constitute a
greater percentage of mortalities if our surveys included
roadways in low-lying areas with dense, moist environments, where shrews tend to have higher abundances and
species richness (Matlack et al. 2002, Berman et al. 2007,
Thompson et al. 2011).
In addition to shrews, littered bottles in central Nebraska also fatally trapped at least five species of rodents,
consisting of 63.4% of vertebrate mortalities. Most of the
species that we observed fatally trapped in littered bottles
previously have been reported in this type of debris (Pagels
and French 1987, Gerard and Feldhamer 1990, Benedict and
Billeter 2004, Dreier et al. 2015b). The Hispid Cotton Rat
(Sigmodon hispidus) represents the first observation for this
rodent in littered bottles. This individual represented a juvenile based on mandible length and tooth wear and eruption. Moreover, this observation demonstrates that young
individuals also are at risk for species that are too large as
adults to enter bottle openings, increasing the number of
species likely to succumb to littered debris. We also suspect
additional species are included in our sample, as skulls of
Peromyscus and Reithrodontomys generally were not intact
and were difficult to identify to species, with two species
of each genera occurring in the study area (Jones 1964).

Studies in the eastern United States report a relatively
low frequency of rodents in littered bottles (Pagels and
French 1987, Gerard and Feldhamer 1990, Benedict and
Billeter 2004, Brannon et al. 2010, Brannon and Bargelt
2013, Hamed and Laughlin 2015). Our surveys in dry,
upland habitats likely reflects the greater prevalence of
rodents in this survey. Documentation of five species is
similar to studies in the eastern United States (Pagels and
French 1987, Gerard and Feldhamer 1990, Benedict and
Billeter 2004, Brannon et al. 2010, Brannon and Bargelt
2013, Hamed and Laughlin 2015). However, rodent diversity is lowest in the eastern United States compared
to farther west (Hafner et al. 1998). Thus, with additional
field efforts in other regions of Nebraska and in other
regions in the central and western United States, more
species of rodents (and shrews) will be discovered in littered bottles. In Nebraska, this might include two shrews
(Dwarf Shrew [Sorex nanus] and Merriam’s Shrew [Sorex
merriami]) and three rodents (Olive-backed Pocket Mouse
[Perognathus fasciatus], Silky Pocket Mouse [Perognathus
flavus], and eastern subspecies of the Plains Pocket Mouse
[Perognathus flavescens perniger]) listed as species of greatest conservation need in the state (Schneider et al. 2018).
Other studies have documented animals other than
small mammals in littered bottles, such as lizards, salamanders, and snakes as well as invertebrates (Morris
and Harper 1965, Gerard and Feldhamer 1990, Castilla
and Bauwens 1991, Benedict and Billeter 2004, Brannon
et al. 2010, Brannon and Bargelt 2013). Although we did
not detect other vertebrate taxa in littered bottles during
our study, Dreier et al. (2015a) discovered a Prairie Lizard
(Sceloporus consobrinus) in south-central Nebraska in Dawson County. We also documented that many insects, especially carrion beetles, appear common in bottles (Morris and Harper 1965, Gerard and Feldhamer 1990). Studies
are lacking in the literature on the diversity and frequency
of invertebrates trapped in littered debris, which likely is
important in areas where sensitive or threatened species
reside. The effects that discarded bottles have on populations of small vertebrates and insects has yet to be quantified. We suspect it can be substantial for slow reproducing, or rare, threatened, and sensitive species, including
invertebrates, depending on densities of humans and littered debris.
Prevalence of bottles with vertebrates (5.7%) in central
Nebraska was slightly higher compared to studies in the
eastern United States. However, densities of bottles along
roadways were much lower in Nebraska (26 bottle per
km) yielding fewer overall mortalities (2.3 individuals)
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per km of roadway. In Virginia, about 4% of bottles contained vertebrates with a reported average of 2,461 bottles
per km (Benedict and Billeter 2004). That study yielded
183 vertebrates killed per km of roadway, but unlike
our study, roadways were moderately to heavily traveled, such as interstates in a heavily populated area. Another study in Virginia observed 71 mammal mortalities
and 577 bottles per km of roadway (Pagels and French
1987). In the tri-state area of North Carolina, South Carolina, and Georgia, 4.5-4.7% of bottles contained vertebrates, with 239 bottles per km, yielding 25 animals per
km of roadway (Brannon et al. 2010, Brannon and Bargelt
2013). In Tennessee, 3.6% of debris items contained vertebrate remains, with about 26 mortalities per km of roadway (Hamed and Laughlin 2015). It is unclear whether
our slightly higher prevalence (5.7% of bottles with vertebrates) is biologically meaningful from those surveys
in the eastern United States. One study mentions that individuals might seek available drinking water from littered debris, especially in dry conditions (Gerard and
Feldhamer 1990). If so, drier habitats, such as our study
area, might cause small mammals to enter containers at
greater frequencies to obtain water. Overall, rates of mortality, therefore, likely reflect the interplay of vertebrate
density, litter abundance, and likelihood of species to enter debris.
Human population density and the resulting greater
number of vehicles on roadways appears to reflect differences in bottle density and vertebrates killed along roadsides in the United States. In studies along highways in
Virginia (Pagels and French 1987, Benedict and Billeter
2004), population density of humans was 179 people per
square mile, but in Nebraska the population density only
was 22.3 people per square mile in 2000 (U.S. Census Bureau; www.census.gov/data.html). In fact, to facilitate
finding bottles in some sparsely populated counties in
Nebraska, we collected data from near campgrounds, recreation areas, or just outside of towns, but numbers of
bottles still were much lower than other studies in the
eastern United States. We predict that numbers of vertebrates killed in these roadside hazards likely is greater
in eastern parts of Nebraska and near population centers, where most of the state’s population reside. Additional factors affecting quantity of littered debris include
frequency of cleanup crews and mowing practices along
roadsides. Almost all roadsides in our study had mowed
areas adjacent to paved roads. We frequently noticed broken bottles in these areas and attributed them to mowing;
these bottles were not counted in our survey.

Characteristics of littered debris fatal to small vertebrates in central Nebraska generally matched other studies. Glass bottles accounted for the large majority (92%)
of vertebrate mortalities (Table 1), as demonstrated in
other studies that recorded such data (Benedict and Billeter 2004, Hamed and Laughlin 2015). In contrast, Brannon et al. (2010) reported an abundance of skeletal remain in both glass and plastic bottles. We documented
not a single vertebrate mortality in aluminum cans, similar to Brannon et al. (2010). Other studies have not reported or examined potential mortalities in littered cans
(Benedict and Billeter 2004, Brannon and Bargelt 2013).
A single study in Tennessee reported that 1% of aluminum cans contained small shrew species (Sorex; Hamed
and Laughlin 2015).
Bottles with openings higher than their base contained
more vertebrates than those in other positions. Other
studies also have reported that bottles pointed upward
are associated with more mortalities (Benedict and Billeter 2004, Brannon et al. 2010, Brannon and Bargelt 2013,
Hamed and Laughlin 2015). We discovered more vertebrates trapped in brown glass bottles than other colors
(Table 1); however, we did not note the colors of bottles
without vertebrates in this study. Other studies have reported that vertebrate mortalities match the relative frequency of differently colored bottles in the environment
(Benedict and Billeter 2004, Hamed and Laughlin 2015).
Two prior studies demonstrated that brown-colored bottles were the most frequent in environments in the eastern United States (Benedict and Billeter 2004, Hamed and
Laughlin 2015). Lastly, we documented most vertebrates
in smaller, 360 ml (12 oz), bottles, again likely reflecting
the abundance of smaller containers in the environment
(Table 1).
In the Great Plains, roadside right-of-ways represent some of the last grasslands remaining in these agriculturally dominated landscapes, providing habitat for
an abundance and diversity of small mammals (Kirsch
1997, Spanel and Geluso 2018). Living along roadways
is inherently dangerous as organisms are killed crossing
roads, including small mammals (McClure 1951, Oxley
et al. 1974). Littered debris adds to the dangers for small
organisms in such habitats. Our study further demonstrates that not only do physically small species fall victim to littered bottles but also young individuals of larger
species (Benedict and Billeter 2004). Without picking up
or breaking bottles, these debris items can accumulate in
the environment and continue to kill animals. Reduction
and removal of littered debris along roadsides not only is
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aesthetically pleasing, but it can reduce mortality of small
mammals and other small animals.
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